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1
METHOD AND A DEVICE FOR DECIDING IF
THE OPERATING MODE OF A
TELECOMMUNICATION DEVICE HAS TO
BE SWITCHED IN A DIFFERENT
OPERATING MODE

The present invention relates generally to a method and a
device for deciding if the operating mode of a telecommuni-
cation device has to be switched in a different operating
mode.

Today, we can observe a sharp increase in the deployment
of wireless networks.

Local area networks like for example WIFI wireless net-
works are widely used today.

Inurban regions, the coverage areas of the access nodes of
these local area networks overlap each other.

That overlapping generates interferences in each of the
wireless networks and reduces the performances of these
wireless networks.

Wireless cellular telecommunication networks evolve a
lot. Some years ago, an access node of the wireless cellular
telecommunication network was managing a cell having a
radius of several dozen kilometers.

Today, wireless cellular telecommunication networks are
composed of these cells, named macro cells, of micro cells
having a radius of several hundreds meters and of femto-cells
having a radius of several dozen meters.

These different types of cells overlap each other.

In a urban environment a huge number of femto-cells are
comprised inside a macro-cell. Such situation has the advan-
tage of unloading the macro-cell and reducing the dead zones
of the macro-cell but may generate interferences between
overlapping femto-cells as between the femto-cells and the
macro-cell.

In classical wireless cellular telecommunication networks,
when a terminal is moving through different cells, a handover
is executed between the access nodes which manage the cells
the terminal goes through.

As the coverage area of the femto-cells is small, a huge
number of handovers may need to be executed for a mobile
terminal, which may induce a large overhead impact from the
infrastructure point of view.

If the access nodes managing femto-cells are allowed to
handle terminals, a moving terminal can potentially handover
to an access node for a small time scale, leading to a drastic
increase of the signalling load.

Furthermore, the interference level produced by the trans-
mission of signals by a lot of active access nodes in a limited
area will also degrade the link-level performance and may
reduce the coverage.

The present invention aims at improving the operation of
wireless telecommunication networks when the coverage
areas of access nodes overlap each other or aims at avoiding
that an important signalling occurs in the wireless telecom-
munication networks.

To that end, the present invention concerns a method for
deciding if a telecommunication device has to be switched in
anoperating mode which is different from the operating mode
in which the telecommunication is operating, the telecommu-
nication device transferring radio signals to a terminal of a
wireless telecommunication network, characterised in that in
an operating mode, the telecommunication device relays sig-
nals transferred between the terminal and an access node, the
access node handling the terminal and in another operating
mode, the telecommunication device handles the terminal,
and the method comprises the steps of:
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2

determining, from obtained information, if a predeter-
mined event occurs and if the predetermined event
occurs:

deciding that a handover of the terminal has to be con-

ducted between the access node and the telecommuni-
cation device,

deciding that the telecommunication device has to switch

in an operating mode which is different from the oper-
ating mode in which the telecommunication is operat-
ing.

The present invention also concerns a management entity
which decides if a telecommunication device has to be
switched in an operating mode which is different from the
operating mode in which the telecommunication is operating,
the telecommunication device transferring radio signals to a
terminal of a wireless telecommunication network, charac-
terised in that in an operating mode, the telecommunication
device relays signals transferred between the terminal and an
access node, the access node handling the terminal and in
another operating mode, the telecommunication device
handles the terminal, the management entity comprises:

means for determining from obtained information if a pre-

determined event occurs,

means for deciding that a handover of the terminal has to be

conducted between the access node and the telecommu-
nication device,

means for deciding that the telecommunication device has

to switch in an operating mode which is different from
the operating mode in which the telecommunication is
operating.

Thus, by enabling a telecommunication device to switch
between a relay operation mode and an terminal handling
operation mode, it is possible to reduce the interferences
between neighbouring coverage areas.

When the telecommunication device is in the relay opera-
tion mode, the telecommunication device may solve the prob-
lem of dead zones by relaying the signals transferred by an
access node.

Furthermore, when the telecommunication device is in the
relay operation mode for a terminal, it does not handle the
terminal, avoiding then possible handover and extra signal-
ling on the network side.

By switching a telecommunication device to the relay
operation mode among plural telecommunication devices
operating in an handling mode, interferences are reduced. As
the switched telecommunication device executes an handover
prior to the switch, the terminal previously handled by the
switched mode telecommunication device is still handled by
a telecommunication device, which guarantees service con-
tinuity.

The coverage area of the switched telecommunication
device and the coverage area of the telecommunication device
which handles the terminal forms then a single coverage area
of the telecommunication device which handles the terminal
as the switched telecommunication device is no more consid-
ered as an access node.

The single coverage area size is increased and interferences
are reduced.

According to a particular feature, the operating mode in
which the telecommunication is operating is the operating
mode in which the telecommunication device relays signals
transferred between the terminal and the access node.

Thus, by switching from relay operation mode to an opera-
tion mode in which the telecommunication device handles the
terminal, the load of the access node is reduced.
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According to a particular feature, the operating mode in
which the telecommunication is operating is the operating
mode in which the telecommunication device handles the
terminal.

Thus, the number of telecommunication devices which are
in an operation mode in which the telecommunication device
handles the terminal can be controlled.

According to a particular feature, the management entity:

obtains other information,

decides if another telecommunication device has to switch

in the operation mode in which the telecommunication
device relays signals transferred between the terminal
and the access node according to the other information.

Thus, the telecommunication devices which are in the
operation mode in which the telecommunication devices
relay signals transferred between the terminal and the access
node are selected according to environment information.

According to a particular feature, the management entity
decides that the telecommunication device has to switchin a
different operating mode in which the telecommunication
device stops to transfer signals to the terminal.

Thus, the amount of transferred radio signals is reduced
and interferences are limited.

According to a particular feature, the obtained information
used for determining if the predetermined event occurs is the
interference level measured by the telecommunication device
and/or is a measurement on the signals transferred by the
terminal and/or is the location of the telecommunication
device and/or is the location of the terminal and/or is the
available resource of the telecommunication in one or each
operating mode and/or is measurement on the signals
received by the terminal and/or is an information linking the
terminal and the telecommunication device and/or is a time
duration.

When information is the interference level, the present
invention can detect cases wherein telecommunication
devices interfere each other or when the signals transferred by
the access node are interfered. The management entity can
then decide the operation mode of the telecommunication
device according to that parameter.

When information is measurement on the signals trans-
ferred by the terminal and received by the telecommunication
device, the management entity can evaluate the communica-
tion link conditions between the telecommunication device
and the terminal, evaluate the distance between the telecom-
munication device and the terminal. The management entity
can then decide the operation mode of the telecommunication
device according to these parameters.

When information is the location of the telecommunication
device, the management entity can determine if a switch of
the telecommunication device may improve the wireless tele-
communication network characteristics.

When information is the location of the terminal, the man-
agement entity can determine if a switch of the telecommu-
nication device may improve the communication link with
the terminal.

When information is the available resource of the telecom-
munication device in one or each operating mode, the man-
agement entity can efficiently manage the resources allocated
in one or each operating mode and determine if a switch of the
telecommunication device is possible.

For example, if the holder of the telecommunication device
defines an amount of resources which can be used for relaying
and/or handling terminals, that amount is taken into account
by the management entity.

When information is measurement on the signals received
by the terminal, the management entity can evaluate the com-
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munication link conditions between the telecommunication
device and the terminal. The management entity can then
decide the operation mode of the telecommunication device
according to that parameter.

When information is an information linking the terminal
and the telecommunication device, for example a right for the
terminal to be handled by the telecommunication device, the
management entity can control which terminal can be
handled by the telecommunication device.

When information is a time duration, for example the time
duration while the telecommunication device relays signals,
the management entity may determine that the terminal is not
moving and in that it is favourable to switch the telecommu-
nication device in the operation mode in which the telecom-
munication device handles the terminal as far as the probabil-
ity is low that another handover may be needed.

According to a particular feature, the management entity is
included in the access node or in the or each telecommunica-
tion device or is not included in the access node nor in the or
each telecommunication device.

According to a particular feature, wireless telecommuni-
cation network is a wireless cellular telecommunication net-
work.

According to a particular feature, prior to the decision that
the handover of the terminal has to be conducted from the
access node which handles the mobile terminal to the tele-
communication device, the management entity obtains an
information from the telecommunication device indicating if
the telecommunication device can handle the terminal.

Thus, the handover is executed when good conditions
exist.

According to a particular feature, the method comprises
further step of deciding, according to previous switches of
operating modes that the telecommunication device has to
switch in the operating mode in which the telecommunication
device relays signals transferred between the terminal and the
access node.

Thus, when the telecommunication device is located in a
dead zone, it still contributes to reduce that dead zone once a
handover is executed.

According to a particular feature, the decision, according
to previous switches of operating modes is executed by the
management entity or by the telecommunication device.

According to still another aspect, the present invention
concerns a method for switching a telecommunication device
in an operating mode which is different from the operating
mode in which the telecommunication is operating, the tele-
communication device transferring radio signals to a terminal
of a wireless telecommunication network, characterised in
that in an operating mode, the telecommunication device
relays signals transferred between the terminal and an access
node, the access node handling the terminal and in another
operating mode, the telecommunication device handles the
terminal, and in that the method comprises the steps executed
by the telecommunication device of:

transferring information representative of measurements

to a management entity,

receiving a message representative of a request for execut-

ing a handover of the terminal between the access node
and the telecommunication device,

executing the handover,

switching in an operating mode which is different from the

operating mode in which the telecommunication is oper-
ating.

The present invention also concerns a telecommunication
device which transfers radio signals to a terminal of a wireless
telecommunication network, the telecommunication device
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being able to operate in two operation modes, characterised in
that in an operating mode, the telecommunication device
relays signals transferred between the terminal and an access
node, the access node handling the terminal and in another
operating mode, the telecommunication device handles the
terminal, and in that the telecommunication device com-
prises:

means for transferring information representative of mea-

surements to a management entity,

means for receiving a message representative of a request

for executing a handover of the terminal between the
access node and the telecommunication device,

means for executing the handover,

means for switching in an operating mode which is differ-

ent from the operating mode in which the telecommu-
nication is operating.

Thus, by enabling a telecommunication device to switch
between a relay function and an access node function, it is
possible to reduce the interferences between neighbouring
coverage areas.

When the telecommunication device is in the relay opera-
tion mode, the telecommunication device may solve the prob-
lem of dead zones by relaying the signals transferred by an
access node.

Furthermore, when the telecommunication device is in the
relay operation mode for a terminal, it does not handle the
terminal, avoiding then possible handover and extra signal-
ling on the network side.

By switching a telecommunication device among plural
telecommunication devices operating in a handling mode,
interferences are reduced. As the switched telecommunica-
tion device execute a handover prior to the switch, the termi-
nal previously handled by the switched telecommunication is
still handled by a telecommunication device.

The coverage area of the switched telecommunication
device and the coverage area of the telecommunication device
which handles the terminal forms then a single coverage area
of the telecommunication device which handles the terminal
as the switched telecommunication device can no more be
considered as a telecommunication device which may handle
the terminal.

The single coverage area size is increased and interferences
are reduced.

According to still another aspect, the present invention
concerns a computer program which can be directly loadable
into a programmable device, comprising instructions or por-
tions of code for implementing the steps of the method
according to the invention, when said computer program is
executed on a programmable device.

Since the features and advantages relating to the computer
program are the same as those set out above related to the
method and device according to the invention, they will not be
repeated here.

The characteristics of the invention will emerge more
clearly from a reading of the following description of an
example embodiment, the said description being produced
with reference to the accompanying drawings, among which:

FIG. 1a represents the architecture of a wireless cellular
telecommunication network in which the present invention is
implemented;

FIG. 15 is a diagram representing the architecture of at
least one wireless local area telecommunication network in
which the present invention is implemented;

FIG. 2 is a diagram representing the architecture of a tele-
communication device in which the present invention is
implemented;
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FIG. 3 is a diagram representing the architecture of'a man-
agement entity in which the present invention is imple-
mented;

FIG. 4 is an example of an algorithm executed by the
management entity according to the present invention;

FIG. 5 is a an example of an algorithm executed by the
telecommunication device according to the present invention.

FIG. 1a represents the architecture of a wireless cellular
telecommunication network in which the present invention is
implemented.

In the wireless cellular telecommunication network, two
access nodes AN1 and AN2 transfer signals in their respective
cells C1 and C2.

The access nodes AN are also named base stations or nodes
B or enhanced nodes B.

An access node AN1 or AN2 handles a terminal TE when
the access node AN1 or AN2 has the information necessary
for enabling the terminal TE to establish a communication
with a remote device through the access node AN1 or AN2.

Each access node AN1 or AN2 transfers signals to a termi-
nal TE through a downlink channel and receives signals trans-
ferred by the terminal TE through an uplink channel.

In the FIG. 1a, one telecommunication device TD1 device
is shown, the telecommunication device TD1 transfers sig-
nals in the area AR1. The telecommunication device TD1 acts
in a first mode of operation like an access node, for example
like a femto-base station and in a second mode of operation as
a relay.

Each access node AN and telecommunication device TD
are connected through a telecommunication network not
shown in the FIG. 1 in order to form the wireless cellular
telecommunication network. The telecommunication net-
work is a dedicated wired network or a public network like a
public switched network or an IP based network or a wireless
network or an Asynchronous Transfer Mode network or a
combination of above cited networks.

The first mode of operation of the telecommunication
device TD consists of handling a terminal TE i.e. the telecom-
munication device TD1 handles a terminal TE when the tele-
communication device TD1 has the information necessary for
enabling the terminal TE to establish a communication with a
remote device through the telecommunication device TD1.

The second mode of operation consists of relaying signals
transferred between the terminal TE and the access node AN
which handles the terminal TE.

When the telecommunication device TD1 acts as a relay, it
receives signals transferred by the access node AN1 or AN2
which handles the terminal TE in the downlink channel and
transfers these signals to the terminal TE through the down-
link channel. The telecommunication device TD1 receives
signals transferred by the terminal TE through the uplink
channel and transfers these signals in the uplink channel to the
access node AN1 or AN2 which handles the terminal TE.

Ithas to be noted here that in a variant, instead of receiving
signals in the downlink channel and transferring signals in the
uplink channel, the telecommunication device TD1 receives
and transfers these signals through a non radio communica-
tion link between the access node AN1 or AN2 which handles
the terminal TE and the telecommunication device TD1.

For example, the non radio communication link is estab-
lished in a telecommunication network like a dedicated wired
network or a public network like a public switched network or
an IP based network or a wireless network or an Asynchro-
nous Transfer Mode network or a combination of above cited
networks.

It has to be noted here that the telecommunication device
TD1 may be, for at least one terminal TE, in the handling



US 9,060,383 B2

7

mode of operation and may be, for at least one other terminal
TE, in the relay mode of operation.

In the FIG. 1a, a management entity ME is shown. The
management entity ME is included in at least one access node
AN.

In variants, the management entity ME is included in the
telecommunication device TD1 or is not included in access
nodes AN and in the telecommunication device TD1.

In the FIG. 1a, only two access nodes AN1 and AN2 and
one telecommunication device TD1 are shown for the sake of
clarity but in practice the wireless cellular telecommunication
network comprises a large number of access nodes AN and
telecommunication devices TD.

It has to be noted here that, when a telecommunication
device TD acts in the handling mode for each terminal TE
located in its cell and does not act as a relay for any terminal
TE, the telecommunication device TD is seen as a classical
access node by the wireless cellular telecommunication net-
work elements.

For example, the access node AN2 is a telecommunication
device TD which acts in the handling mode for each terminal
TE located in its cell and does not act as a relay for any
terminal TE.

FIG. 15 is a diagram representing the architecture of at
least one wireless local area telecommunication network in
which the present invention is implemented.

In the at least one wireless local area telecommunication
network, an access node AN3 transfers signals in an area
AR3.

The access node AN3 is for example an access node of a
Local Area Network. The access node AN3 handles a termi-
nal TE when the access node AN3 has the information nec-
essary for enabling the terminal TE to use the local area
network and for example to establish a communication with a
remote device through the access node AN3.

The access node AN3 transfers signals to the terminal TE
through a downlink channel and receives signals transferred
by the terminal TE through an uplink channel.

In the FIG. 15, one telecommunication device TD2 device
is shown, the telecommunication device TD2 transfers sig-
nals in the area ARd. The telecommunication device TD2 acts
in a first mode of operation like an access node of a local area
network and in a second mode of operation as a relay.

The first mode of operation consists of handling a terminal
TE. A telecommunication device TD2 handles a terminal TE
when the telecommunication device TD2 has the information
necessary for enabling the terminal TE to use the local area
network in order to establish a communication with a remote
device through the telecommunication device TD2.

When the telecommunication device TD2 handles a termi-
nal TE, it transfers signals to the terminal TE through a
downlink channel and receives signals transferred by the
terminal TE through an uplink channel.

The second mode of operation consists of relaying signals
transferred by the terminal TE and the access node AN, for
example the access node AN3, which handles the terminal
TE.

When the telecommunication device TD2 acts as a relay, it
receives signals transferred by the access node AN3 which
handles the terminal TE through the downlink channel and
transfers these signals to the terminal TE through the down-
link channel. The telecommunication device TD2 receives
signals transferred by the terminal TE through the uplink
channel and transfers these signals through the uplink chan-
nel to the access node AN3 which handles the terminal TE.

Ithas to be noted here that in a variant, the access node AN3
can also be a telecommunication device TD.
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It has to be noted also here that in a variant, instead of
receiving signals through the downlink channel and transfer-
ring signals through the uplink channel, the telecommunica-
tion device TD2 receives and transfers these signals through
a non radio communication link between the access node
AN3 which is handling the terminal TE and the telecommu-
nication device TD2.

For example, the non radio communication link is estab-
lished in a telecommunication network like a dedicated wired
network or a public network like a public switched network or
an IP based network or a wireless network or an Asynchro-
nous Transfer Mode network or a combination of above cited
networks.

It has to be noted here that the telecommunication device
TD2 may be for at least one terminal TE in the handling
terminal mode of operation and may be for at least one other
terminal TE in the relay mode of operation.

In the example of the FIG. 15, the areas AR3 and ARd
overlap each other.

In the FIG. 15, a management entity ME is shown. The
management entity ME is included in at least one access node
AN.

In variants, the management entity ME is included in at
least one telecommunication device TD or is not included in
access nodes AN nor in the telecommunication device TD.

In the FIG. 15, only one access node AN3 and one tele-
communication device TD2 are shown for the sake of clarity
but in practice, a more important number of wireless local
area networks, access nodes AN and telecommunication
devices TD exist.

FIG. 2 is a diagram representing the architecture of a tele-
communication device in which the present invention is
implemented.

The telecommunication device TE has, for example, an
architecture based on components connected together by a
bus 201 and a processor 200 controlled by the program as
disclosed in the FIG. 5.

The bus 201 links the processor 200 to a read only memory
ROM 202, a random access memory RAM 203, a wireless
interface 205 and a network interface 206.

The memory 203 contains registers intended to receive
variables and the instructions of the program as disclosed in
the FIG. 5.

The memory 203 also contains information enabling the
terminals handled by the telecommunication device TD to
establish or receive a communication with a remote device.
These information are for example the terminal identifier, the
terminal capabilities, communication link Quality of service
parameters, encryption parameters, or the security parameter.

The memory 203 also contains information enabling the
terminal TD to operate in relay mode. These information are
for example the list of terminal identifiers for which signals
have to be relayed, the resource parameters of the relays, the
type of relaying.

The processor 200 controls the operation of the network
interface 206 and of the wireless interface 205.

The read only memory 202 contains instructions of the
program as disclosed in the FIG. 5, which are transferred,
when the telecommunication device TD is powered on to the
random access memory 203.

The telecommunication device TD may be connected to a
telecommunication network through the network interface
206. For example, the network interface 206 is a DSL (Digital
Subscriber Line) modem, or an ISDN (Integrated Services
Digital Network) interface, etc. Through such interface, the
telecommunication device TD may transfer messages to the
management entity ME and/or to the access nodes AN or
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receive message from the management entity ME and/or from
the access nodes AN. In addition, the telecommunication
device TD may receive through the interface 206, downlink
signals from an access node AN and transfer uplink signals
the telecommunication device TD has received through the
uplink channel.

The wireless interface 205 enables the telecommunication
device TD to transfer and/or receive signals or messages in its
area AR.

The wireless interface 205 comprises a downlink reception
module 210 which receives signals transferred by at least one
access node AN, a downlink transmission module 211 which
transfers signals to at least one terminal TE, an uplink recep-
tion module 212 which receives signals transferred by at least
one terminal TE and an uplink transmission module 213
which transfers signals to at least one access node AN.

FIG. 3 is a diagram representing the architecture of a man-
agement entity in which the present invention is imple-
mented.

The management entity ME has, for example, an architec-
ture based on components connected together by a bus 301
and a processor 300 controlled by the program as disclosed in
the FIG. 4.

The bus 301 links the processor 300 to a read only memory
ROM 302, a random access memory RAM 303 and a network
interface 306.

The memory 303 contains registers intended to receive
variables and the instructions of the program related to the
algorithm as disclosed in the FIG. 4.

The processor 300 controls the operation of the network
interface 306.

The read only memory 302 contains instructions of the
programs related to the algorithm as disclosed in the FIG. 4,
which are transferred, when the management entity ME is
powered on to the random access memory 303.

The management entity ME may be connected to a tele-
communication network through the network interface 306.
For example, the network interface 306 is a DSL (Digital
Subscriber Line) modem, or an ISDN (Integrated Services
Digital Network) interface, etc. Through such interface, the
management entity ME may transfer messages to telecom-
munication devices TD and/or to the access nodes AN or
receive messages from telecommunication devices TD and/or
from access nodes AN.

It has to be noted here, when the management entity ME is
included in a telecommunication device TD or is included in
an access node AN, the processor 300, the memory 302, the
random access memory RAM 303 and the network interface
306 may be the ones of the telecommunication device TD or
the access node AN.

FIG. 4 is an example of an algorithm executed by the
management entity according to the present invention.

More precisely, the present algorithm is executed by the
processor 300 of the management entity ME for each terminal
TE located in an area AR managed by a telecommunication
device TD the management entity ME is in charge of.

At step S400, the processor 300 obtains information
enabling the determination if a predetermined event occurs.

The information is the interference level between the tele-
communication device TD and at least one access node AN
and/or is a measurement on the signals transferred by the
terminal TE in the uplink channel and/or is the location of the
telecommunication device TD and/or is the location of the
terminal TE and/or is the available resource of the telecom-
munication device TD in one or each operating mode and/or
is a measurement on the signals received by the terminal TE
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and/or is an information linking the terminal TE and the
telecommunication device TD and/or is a time duration.

The interference level is, for example, the level of interfer-
ence generated by a neighbouring access node AN on signals
transferred or received by the telecommunication device TD.

The level of interference may be measured by the telecom-
munication device TD or may be measured by the terminal TE
and transferred to the telecommunication device TD.

According to the example of the FIG. 15, when two areas
AR overlap each other, the level of interferences may be
important and may reduce the throughputs in both areas.

The measurement on the signals transferred by the terminal
TE in the uplink channel may be executed by the access node
AN which handles the terminal TE or by the telecommunica-
tion device TD when it is in any operation mode.

The location of the telecommunication device TD is trans-
ferred by the telecommunication device TD. The location of
the telecommunication device may be provided by a Global
Navigation Satellite System (GNSS) or a post address, or by
measurements on signals transmitted by neighbouring access
nodes AN.

The location of the terminal TE is transferred by the termi-
nal TE and may be provided by a GNSS, or by measurements
on signals transmitted by neighbouring access nodes AN.

The available resource of the telecommunication device
TD in one or each operating mode is transferred by the tele-
communication device TD.

Information linking the terminal TE and the telecommuni-
cation device TD may be an information indicating that the
terminal TE is authorized to be handled by the telecommuni-
cation device TD. That information may be memorized by the
management entity ME or transferred by the terminal TE or
the telecommunication device TD.

The time duration is, for example, the time duration in
which the telecommunication device TD is in the relay opera-
tion mode for the terminal TE. The time duration is trans-
ferred by the telecommunication device TD or managed by
the management entity ME.

At next step S401, the processor 300 checks if the telecom-
munication device TD operates in the relay operation mode or
in the terminal handling operation mode for the terminal TE.

If the telecommunication device TD operates in a relay
operation mode, the processor 300 moves to step S410. If the
telecommunication device TD operates in the terminal han-
dling mode, the processor 300 moves to step S402.

At step S402, the processor 300 checks if a predetermined
event occurs.

The predetermined event occurs when the interference
level between the telecommunication device TD and at least
one access node AN is upper than a predetermined threshold
and/or when the measurement on the signals transferred by
the terminal TE in the uplink channel are lower than a prede-
termined value and/or when the terminal TE becomes far
from the telecommunication device TD and/or the available
resource of the telecommunication device TD in the handling
operating mode is lower than a predetermined threshold and/
or when measurements on the signals received by the terminal
TE are lower than a threshold.

It has to be noted here that in a variant, the processor 300
may be notified by the telecommunication device TD that the
predetermined event occurs. In that variant, the telecommu-
nication device TD checks if the interference level between
the telecommunication device TD and at least one access
node AN is upper than a predetermined threshold and/or
checks if the measurements on the signals transferred by the
terminal TE in the uplink channel are lower than a predeter-
mined value and/or checks if the terminal TE becomes far
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from the telecommunication device TD and/or checks if the
available resource of the telecommunication device TD in the
handling operating mode is lower than a predetermined
threshold and/or checks if measurements on the signals
received by the terminal TE are lower than a threshold.

If'the predetermined event occurs, the processor 300 moves
to step S403. Otherwise, the processor 300 returns to step
S400.

At step S403, the processor 300 decides that a handover of
the terminal TE has to be conducted from the telecommuni-
cation device TD and the access node AN and commands the
transfer of a message to the telecommunication device TD
and the access node AN requesting them to proceed to the
handover.

At next step S404, the processor 300 decides that the tele-
communication device TD has to switch in the relay mode of
operation and commands the transfer of a message to the
telecommunication device TD requesting it to switch in the
relay operation mode. The processor 300 memorizes an infor-
mation representative of the operation mode in which the
telecommunication device TD is.

Atnext step S405, the processor 300 obtains information as
the one already disclosed at step S400.

At next step S406, the processor 300 checks if another
telecommunication device TD needs to be switched in the
relay mode of operation for the terminal TE.

Another telecommunication device TD needs to be
switched in a relay mode for the terminal TE when the inter-
ference level is upper than a predetermined threshold and/or
when the measurements on the signals transferred by the
terminal TE in the uplink channel are lower than a predeter-
mined value and/or when the terminal TE becomes far from
the telecommunication device TD and/or when the available
resource of the telecommunication device TD in the relay
operating mode is lower than a predetermined threshold and/
or when measurements on the signals received by the terminal
TE are lower than a threshold or when the telecommunication
device may be switched off soon.

If another telecommunication device TD needs to be
switched in a relay mode for the terminal TE, the processor
300 moves to step S407. Otherwise, the processor 300 returns
to step S400.

At step S407, the processor 300 decides that the telecom-
munication device TD has to switch in an operating mode
wherein the telecommunication device stops to transfer sig-
nals related to the terminal TE and commands the transfer of
a message to the telecommunication device TD requesting it
to switch in that operating mode.

In a variant, the processor 300 moves directly from step
S406 to S408.

In another variant, the processor 300, instead of executing
the step S407, decides, according to previous memorized
switches of operating modes, that the telecommunication
device TD has to switch in the operating mode in which the
telecommunication device relays signals transferred between
the terminal and the access node or to switch in an operating
mode wherein the telecommunication device stops to transfer
signals related to the terminal TE. A message informing the
telecommunication device TD about the decision is trans-
ferred.

At next step S408, the processor 300 selects another tele-
communication device TD which has to switch in the relay
mode of operation for the terminal TE.

The other telecommunication device TD is selected for
example considering the location of the terminal TE and/or
randomly in a group of telecommunication devices TD which
are expected to be close from the terminal TE and/or from
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measurements reported by the terminal TE on signals trans-
mitted from neighbouring telecommunication devices and/or
from information obtained from telecommunication devices
TD at step S400.

At step S409, the processor 300 requests the new selected
telecommunication device TD to switch to the relay operating
mode and memorizes an information representative of the
operation mode of the telecommunication device TD.

After that, the processor 300 returns to step S400.

At step S410, the processor 300 checks if a predetermined
event occurs.

The predetermined event occurs when the measurements
on the signals transferred by the terminal TE in the uplink
channel and measured by the telecommunication device TD
are upper than a predetermined value and/or when the termi-
nal TE becomes closer to the telecommunication device TD
and/or when the available resource of the telecommunication
device TD in the handling operating mode is upper than a
predetermined threshold and/or when the available resource
of the telecommunication device TD in the relay operating
mode is lower than a predetermined threshold and/or when
measurements on the signals received by the terminal TE are
upper than a threshold and/or when the time duration in which
the telecommunication device acts as a relay is upper than a
threshold.

Ifthe predetermined event occurs, the processor 300 moves
to step S411. Otherwise, the processor 300 returns to step
S400.

At step S411, the processor 300 checks if a handover is
possible. For example, the processor 300 requests the tele-
communication device TD if it accepts to handle the terminal
TE. Such step is executed when no information linking the
terminal TE and the telecommunication device have been
obtained at step S400.

Ifthe handover is possible, the processor 300 moves to step
S412.

Otherwise, the processor 300 returns to step S400.

At step S412, the processor 300 decides that a handover of
the terminal TE has to be conducted from the access node AN
to the telecommunication device TD and commands the
transfer of a message to the telecommunication device TD
and the access node AN requesting them to proceed to the
handover. Alternatively, the processor 300 commands the
transfer of a message to the access node AN solely requesting
it to proceed to the handover, the telecommunication device
TD being ready to execute handover procedures.

At next step S413, the processor 300 decides that the tele-
communication device TD has to switch in the handling oper-
ating mode and commands the transfer of a message to the
telecommunication device TD requesting it to switch in the
handling mode and memorizes an information representative
of the operation mode of the telecommunication device TD.

After that, the processor 300 returns to step S400.

FIG. 5 is an example of an algorithm executed by the
telecommunication device according to the present invention.

More precisely, the present algorithm is executed by the
processor 200 of the telecommunication device TD.

At step S500, the processor 200 commands the wireless
interface 205 to proceed to at least one measurement.

The at least one measurement is the level of interference
generated by a neighbouring access node AN on signals trans-
ferred and/or received by the telecommunication device TD
and/or is the available resource of the telecommunication
device TD in one or each operating mode and/or is a mea-
surement on the signals transferred by neighbouring termi-
nals TE, and/or or is the location of the telecommunication
device TD.
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At next step S501, the processor 200 commands the trans-
fer of information to the management entity ME.

Information is derived from the at least one measurement
or is derived from the at least one measurement and the
location of the terminal TE and/or from the information link-
ing the terminal TE and the telecommunication device TD
and/or from the time duration.

It has to be noted here that in a variant, the processor 200
determines if the predetermined event occurs and notifies that
the event occurs to the management entity ME. In that variant
the processor 200 checks if the interference level between the
telecommunication device TD and at least one access node
AN is upper than a predetermined threshold and/or checks if
the measurements on the signals transferred by the terminal
TE in the uplink channel are lower than a predetermined value
and/or checks if the terminal TE becomes far from the tele-
communication device TD and/or checks if the available
resource of the telecommunication device TD in the handling
operating mode is lower than a predetermined threshold and/
or checks if measurements on the signals received by the
terminal TE are lower than a threshold.

At next step S502, the processor 200 receives a message
from the management entity ME through the network inter-
face 206 or the wireless interface 205.

At next step S503, the processor 200 checks if the received
message is representative of a command requesting it has to
proceed to a handover of the terminal TE with an access node
AN. If the received message is representative of a command
requesting to proceed to a handover, the processor 200 moves
to step S504. Otherwise, the processor 200 returns to step
S500.

At next step S504, the processor 200 receives a message
from the management entity ME through the network inter-
face 206 or the wireless interface 205.

The message indicates the mode of operation of the tele-
communication device TD.

At next step S505, the processor 200 commands the wire-
less interface 205 to switch in a mode of operation which is
different from the operating mode in which the telecommu-
nication device TD is operating.

When the telecommunication switch from the operating
mode in which the telecommunication device handles the
terminal moves to the relay mode, the telecommunication
device may decide itself, for example, according to previous
memorized switches of operating modes, if the telecommu-
nication device TD has to switch in the operating mode in
which the telecommunication device relays signals trans-
ferred between the terminal and the access node or if the
telecommunication device TD has to switch in an operating
mode wherein the telecommunication device stops to transfer
signals related to the terminal TE.

After that, the processor 300 returns to step S500.

Naturally, many modifications can be made to the embodi-
ments of the invention described above without departing
from the scope of the present invention.

The invention claimed is:

1. A method for deciding if a telecommunication device
has to be switched to an operating mode which is different
from a current operating mode in which the telecommunica-
tion device is operating, the telecommunication device trans-
ferring radio signals to a terminal of a wireless telecommu-
nication network, wherein in a second operating mode, the
telecommunication device does not handle the mobile device
and relays signals transferred between the terminal and an
access node which handles the terminal, and in a first operat-
ing mode, the telecommunication device handles the termi-
nal, the method comprising:
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determining, from obtained information, if a predeter-

mined event occurs, and when the predetermined event

occurs:

deciding that a handover of the terminal has to be con-
ducted between the access node and the telecommu-
nication device; and

responsive to said handover deciding, deciding that the
telecommunication device has to switch from the cur-
rent operating mode in which the telecommunication
device is operating, which is one of the second oper-
ating mode where the telecommunication device does
not handle the mobile device and relays signals trans-
ferred between the terminal and the access node
which handles the terminal and the first operating
mode where the telecommunication device handles
the terminal, to a different operating mode, which is
the other of the first operating mode and the second
operating mode.

2. The method according to claim 1, wherein the current
operating mode is the second operating mode in which the
telecommunication device does not handle the mobile device
and relays signals transferred between the terminal and the
access node.

3. The method according to claim 1, wherein the current
operating mode is the first operating mode in which the tele-
communication device handles the terminal.

4. The method according to claim 3, further comprising:

obtaining other information; and

deciding if another telecommunication device has to

switch to the second operating mode in which the tele-
communication device does not handle the mobile
device and relays signals transferred between the termi-
nal and the access node according to the other informa-
tion.

5. The method according to claim 4, further comprising
deciding that the telecommunication device has to switch to a
third operating mode in which the telecommunication device
stops transferring signals to the terminal.

6. The method according to claim 4, further comprising
deciding, according to previous switches, operating modes
that the telecommunication device has to switch in the second
operating mode in which the telecommunication device does
not handle the mobile device and relays signals transferred
between the terminal and the access node.

7. The method according to claim 6, wherein said deciding,
according to previous switches of operating modes, is
executed by a management entity or by the telecommunica-
tion device.

8. The method according to claim 3, further comprising,
executing, prior to said deciding that the handover of the
terminal has to be conducted between the access node and the
telecommunication device, obtaining information from the
telecommunication device indicating whether the telecom-
munication device can handle the terminal.

9. The method according to claim 1, wherein the obtained
information used for determining if the predetermined event
occurs is one or more of an interference level measured by the
telecommunication device, a measurement on signals trans-
ferred by the terminal, a location of the telecommunication
device, a location of the terminal, available resource of the
telecommunication in one or each operating mode, measure-
ment on signals received by the terminal, information linking
the terminal and the telecommunication device, and a time
duration.

10. The method according to claim 1, wherein the method
is executed by a management entity, the management entity
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being included in the access node, or in each telecommuni-
cation device, or is not included in the access node nor in each
telecommunication device.

11. The method according to claim 1, wherein the wireless
telecommunication network is a wireless cellular telecommu-
nication network.

12. A non-transitory computer readable medium including
computer executable instructions or portions of code for
implementing the method according to claim 1, when the

computer executable instructions of portions of code are 10

executed on a programmable device.

13. The method according to claim 1, wherein the telecom-
munication device handles the terminal by transferring sig-
nals to the terminal through a downlink channel and receives
signals transferred by the terminal through an uplink channel.

14. The method according to claim 1, wherein the telecom-
munication device determines if the predetermined event
occurs.

15. The method according to claim 1, wherein the telecom-
munication device notifies a management entity associated
with the access node that the predetermined event has
occurred.

16. The method according to claim 1, wherein the handover
is performed prior to the mode switch from the current oper-
ating mode to the different operating mode.

17. A management entity which decides if a telecommuni-
cation device has to be switched to an operating mode which
is different from a current operating mode in which the tele-
communication is operating, the telecommunication device
transferring radio signals to a mobile terminal of a wireless
telecommunication network, wherein the telecommunication
device includes circuitry that relays signals transferred
between the mobile terminal and an access node which
handles the mobile terminal, and circuitry that handles the
mobile terminal, wherein in a second operating mode, the
telecommunication device does not handle the mobile device
and relays signals transferred between the mobile terminal
and the access node which handles the mobile terminal, and in
afirst operating mode, the telecommunication device handles
the mobile terminal, the management entity comprising:

circuitry configured to determine, from obtained informa-

tion when a predetermined event occurs;

circuitry configured to decide that a handover of the mobile

terminal has to be conducted between the access node
and the telecommunication device; and

circuitry configured to decide that the telecommunication

device has to switch from the current operating mode in
which the telecommunication device is operating, which
is one of the second operating mode where the telecom-
munication device does not handle the mobile device
and relays signals transferred between the terminal and
the access node which handles the terminal and the first
operating mode, to a different operating mode, which is
the other of the first operating mode and the second
operating mode, in response to a decision that the han-
dover of the mobile terminal has to be conducted.

18. A method for switching a telecommunication device to
an operating mode which is different from a current operating
mode in which the telecommunication device is operating,

15

20

25

30

35

40

45

50

55

16

the telecommunication device transferring radio signals to a
terminal of a wireless telecommunication network, wherein
in a second operating mode, the telecommunication device
does not handle the mobile device and relays signals trans-
ferred between the terminal and an access node which
handles the terminal, and in a first operating mode, the tele-
communication device handles the terminal, the method,
executed by the telecommunication device, comprising:
transferring information representative of measurements
to a management entity;

receiving a message representative of a request to execute

a handover of the terminal between the access node and
the telecommunication device;

executing the handover; and

after said executing the handover, switching the current

operating mode of the telecommunication device, which
is one of the second operating mode where the telecom-
munication device does not handle the mobile device
and relays signals transferred between the terminal and
the access node which handles the terminal and the first
operating mode where the telecommunication device
handles the terminal, to a different operating mode,
which is the other of the first operating mode and the
second operating mode.

19. A telecommunication device which transfers radio sig-
nals to a mobile terminal of a wireless telecommunication
network, the telecommunication device configured to operate
in two operation modes, the telecommunication device com-
prising:

circuitry that relays signals transferred between the mobile

terminal and an access node which handles the mobile
terminal;

circuitry that handles the mobile terminal, wherein in a

second operating mode, the telecommunication device
does not handle the mobile device and relays signals
transferred between the mobile terminal and the access
node which handles the mobile terminal, and in a first
operating mode, the telecommunication device handles
the mobile terminal;

circuitry that transfers information representative of mea-

surements to a management entity;

circuitry that receives a message representative of'a request

for executing a handover of the mobile terminal between
the access node and the telecommunication device;
circuitry that executes the handover; and

circuitry that switches from the current operating mode in

which the telecommunication device is operating, which
is one of the second operating mode where the telecom-
munication device does not handle the mobile device
and relays signals transferred between the terminal and
the access node which handles the terminal and the first
operating mode where the telecommunication device
handles the terminal, to a different operating mode,
which is the other of the first operating mode and the
second operating mode, after the handover.
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